We investigated relationships between DNA copy number aberrations and chromosomal structural rearrangements in 11 different cell lines derived from oral squamous cell carcinoma (OSCC) by methods of comparative genomic hybridization (CGH), spectral karyotyping (SKY), and fluorescence in situ hybridization (FISH).
Introduction
Oral cancer, predominantly oral squamous cell carcinoma (OSCC), is one of the most common cancers worldwide [1, 2] . In some countries in Southeast Asia,
OSCCs constitute approximately one-third of all cancers [3] . Despite recent progress in diagnostic and therapeutic modalities for OSCC, the prognosis has not improved since the 1960s and is particularly poor for patients with advanced-stage OSCC [4] . Biologic characteristics of tumors are primarily affected by genetic changes in tumor cells.
Information regarding biologic characteristics of cancer cells may be useful in improving treatment and evaluating patient prognosis.
It is widely accepted that various carcinomas, including OSCC, result from the accumulation of genetic alterations within a cell [5, 6] . Numeric and structural changes of chromosomes play important roles in the accumulation of genomic aberrations that lead to oncogenesis [7] . Conventional cytogenetic studies of head and neck squamous cell carcinoma (HNSCC) have revealed recurrent chromosomal aberrations including i(8)(q10), i(5)(p10), i(1)(q10), del(3)(p11p12), del(5)(p11), t(1;1)(p13;q25), and der(14;15)(q10;q10). In addition, it has been reported that chromosomal bands 11q13 and 1p13 and those near centromeres in chromosomes 1, 3, 5, 7, 8, 13, 14 , and 15 are frequently involved in HNSCC [8] . However, it can be difficult to prepare metaphase spreads of primary HNSCCs as well as other solid tumors. Therefore, karyotypic analysis is possible in limited cases. Comparative genomic hybridization (CGH) is a powerful tool that allows global analysis of DNA copy number changes across the entire genome in a single experiment [9] . We have analyzed HNSCCs, including OSCCs [10] [11] [12] , by CGH and identified recurrent DNA copy number aberrations, such as gains of chromosomes 3q, 5p, 8q, 12p, 20, and X and deletions of chromosomes 3p, 4, 8p, 13q, 17p, and 18q. Karyotyping or CGH analysis has detected frequent aberrations of chromosome 5 in OSCC cells. However, there are no reports concerning the relation between structural abnormalities and DNA copy number aberrations of chromosome 5 in OSCC.
Spectral karyotyping (SKY) allows instantaneous visualization of defined emission spectra for each human chromosome after fluorescence in situ hybridization (FISH) and helps detailed analysis of complicated structural abnormalities of chromosomes [13] . Combined CGH and SKY have been performed to some solid tumors, including cervical cancer [14] , esophageal cancer [15] , and colon cancer [16] .
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In HNSCCs, there are a few reports using methods of CGH and SKY [17, 18] , furthermore, there are no reports focused on OSCC.
In this study, we applied CGH, SKY and FISH to 11 human OSCC cell lines to investigate the relation between DNA sequence copy number aberrations and structural rearrangements of chromosomes.
Materials and Methods

Cell lines
Eleven human OSCC cell lines derived from Japanese patients (KM-2, Sa-3, H-1, BHY, HN, TYS, OSC30, OSC70, SAS, HSC-3, and HSC-4) were used in the present study. Clinical characteristics of the cell lines, including patient age, sex, site, and histological differentiation, are summarized in Table 1 . KM-2 was established at our laboratory, and Sa-3, H-1, BHY, HN, TYS, OSC30, and OSC70 were gifts from the listed institutions (Table 1) . SAS was obtained from the Japanese Collection of 
FISH
FISH was performed as reported previously, with a minor modification [20] .
In brief, a BAC clone (RP11-43F13 on 5p15) was amplified with DOP-PCR and labeled by nick translation with SpectrumGreen-dUTP [21] . Specificity of the probe was confirmed by FISH-mapping onto normal lymphocyte metaphases. For each cell line, 25 metaphases were analyzed, and the numbers of 5p15 FISH signals and isochromosomes of 5p were counted.
Statistical Analysis
Values are expressed ±standard deviation. Statistical analysis was performed with JMP 4.0 ® software (SAS Institute, Inc., Cary, NC). Pearson's correlation coefficient was used to determine the association between the numbers of i (5) 
Results
Overall genome copy number aberrations based on CGH
Genetic alterations detected by CGH are summarized in Fig. 1 . The total number of genetic aberrations ranged from 15 to 31 (23.4±4.1 per cell line). The average number of DNA sequence copy number gains, losses, and high-level gains was 12.1±2.5, 11.3±3.5, and 3.0±1.5, respectively. Gains were detected frequently at chromosomal regions of 5p (100% of 11 cell lines), 20q12 (91%), 8q23-qter (82%), 20p11-p12 (73%), 7p15 (64%), 11p13-p14 (64%), 14q21 (64%), 3q26-qter (55%), 9q34
(55%), and 11q13 (45%), and losses were detected frequently at 4q (100%), 18q (91%), 4p11-p15 (73%), 19p13 (73%), 8p21-pter (64%), 16p11-p12 (64%), 3p23-ter (55%), 10p13-pter (55%), 21q22-qter (55%), 7q33-qter (45%), and 18p (45%). Repetitive high-level gains were found at 5p15 (73%), 8q24 (45%), 20p11-p12 (45%), 20q13
(45%), 7p (18%), and 14q22-24 (18%).
Karyotyping analysis based on SKY
SKY data for the 11 cell lines are summarized in Table 2 , and SKY images of The distribution of chromosome breakpoints is illustrated in Fig. 1 . A total of 468 breakpoints were observed in the 11 cell lines (mean 42.5±17.7 per cell line), and 315 of these breakpoints were identified in rearranged chromosomes. 94 of 315 identified breakpoints were located in or near centromeric regions, and others were mapped to chromosomal bands or terminal regions. An additional 152 breakpoints were unidentified. Breakpoints were frequently found in 11q13 (64% of 11 cell lines) and near centromeric regions, such as 5p10/q10 (100%), 3p10/q10 (82%), 8p10/q10 (73%), 14q10 (64%), 1p10/1q10 (55%), 16p10/16q10 (55%), Xp10/Xq10 (45%), and 11p10/11q10 (45%).
Relations between recurrent chromosomal structural rearrangements and DNA copy number aberrations
Relations between recurrent chromosomal rearrangements and DNA copy 13 number aberrations are summarized in Table 3 . All cell lines with i(5)(p10) and i(8)(q10) showed a gain of 5p and 8q respectively, by CGH. In addition, 2 cell lines with i(5)(q10) showed a gain of 5q by CGH. Gains of 5p and 8q and loss of 8p were detected frequently by CGH, whereas gain of 5q was detected in only 3 cell lines.
All 3 cell lines with der(3;5)(p10;p10) showed a loss of 3p and a gain of 5p by CGH. Two of 4 cell lines with der(X;1)(q10;p10) exhibited a gain of Xq. One of 3 cell lines with der(3;18)(q10;p10) showed a gain of 3q and a loss of 18p.
FISH analysis of 5p
To obtain more information regarding 5p aberrations, we performed FISH analysis with a probe from BAC clone RP11-43F13 (Fig. 2D, arrows) . The average number of RP11-43F13 signals per cell line ranged from 3.08 to 9.40 (Table 4) . Cell lines with i(5)(p10) showed more signals than those lacking it. There was a significant correlation between the average number of i(5)(p10) and the number of RP11-43F13 signals (R 2 =0.8693; P=0.0001). This relation was proved with a regression line, y=1.51x+3.35 (Fig. 3) , where y is the average number of RP11-43F13 signals, and x is the average number of i(5)(p10).
Discussion
In this study, comprehensive molecular cytogenetic analyses of 11 OSCC cell lines were performed with CGH, SKY, and FISH. CGH analysis revealed that genomic aberrations in OSCC cell lines used are quite similar. However, SKY analysis revealed complex and unique karyotyping patterns in each cell line ( Fig. 1 and Table 2 ). This discrepancy may be due to characteristics of the carcinomas studied. Similar results have been also observed in other solid tumors analyzed by CGH and SKY [14] [15] [16] [17] [18] .
A total of 94 chromosomal breakpoints were detected around centromeric regions, and they were frequently found in chromosomes 1, 3, 5, 8, 11, 14, 16, and X (Fig. 1) . Centromeric chromosomal breakages are a characteristic cytogenetic feature of squamous cell carcinomas, including OSCCs [17, 22, 23] . The present study also showed frequent centromeric chromosomal translocations identified as isochromosomes, whole-arm translocations, or Robertsonian chromosomes. Most were associated with hot spots of centromeric chromosomal breakpoints (Table 3) . Recent studies with traditional G-band techniques showed that i(5)(p10) and i(8)(q10) are recurrent derivative chromosomes in HNSCC [8] . We detected i(5)(p10) in 8 cell lines and i(8)(q10) in 4 cell lines. Furthermore, we identified i(5)(q10), der(X;1)(q10;p10), der(3;5)(p10;p10), and der(3;18)(q10;p10) in more than 2 OSCC cell lines. Because many derivative chromosomes were unique, recurrent derivative chromosomes may indicate characteristic chromosomal aberrations in OSCC.
In our study, cell lines with i(5)(p10) and i(8)(q10) always showed gains of 5p and 8q, respectively, whereas other isochromosomes were not always associated with chromosomal gains of the corresponding region by CGH. This indicates that i(5)(p10) and i(8)(q10) are particularly important chromosomal aberrations resulting in increased copy number of chromosomes 5p and 8q in OSCC. These aberrations are associated with OSCC, but it remains unknown whether they cause or are a consequence of OSCC.
Chromosomes 5 and 8 were frequently increased in number (Table 3) However, CGH analysis of the 11 cell lines detected frequent gains of 5p and 8q and losses of 8p (Fig. 1) . These findings suggest that particular centromeric breakpoints near the centromeres of chromosomes 5 and 8 are associated with 5p gain, 8q gain, and 8p loss in OSCC. Accordingly, these changes are detected as isochromosomes.
We observed several consistent changes in this study, indicating gain of 5p and loss of 4q by CGH and breakpoints of 5p10/q10 by SKY. These cahanges may be fundamental aberrations of OSCC. Reported candidate genes located in 4q and 5p are REST (4q13) and SKP2 (5p13), h-TERT (5p15), and TRIO (5p15) [24] [25] [26] [27] .
FISH with DNA probe RP11-43F13 mapping to 5p15 revealed a significant correlation between increased numbers of 5p15 and i(5)(p10) (R 2 =0.8693; P=0.0001; Fig. 3 ). This result suggests that DNA copy number of 5p depends upon isochromosome formation in OSCC. In addition, we previously reported that a gain of 5p was associated with high pathologic stage, nodal metastasis, and poor prognosis in esophageal squamous cell carcinoma [28] . In HNSCCs, a gain of 5p14-pter has been reported to be associated with short-term survival after surgery [29] . Increased 5p15 signal number and appearance of i(5)(p10) may constitute markers for estimating disease progression in OSCC. Large-scale studies of clinical samples will be necessary to examine this possibility.
In conclusion, we report cytogenetic properties and relations between recurrent numeric genomic alterations and derivative chromosomes in Regression line: y=1.51x+3.35. Table 1 The 11 Table 2 SKY karyotypes of the11 oral squamous cell carcinoma cell lines Continued Table 2 Cell line Karyotypes HN 49-54, X, der(1)t(1;10)(p32;?)del(1)(q42), der(1)t(1;2)(p32;p14)t(1;14)(q21;q12), der(2)t(2;16)(p13;q21),
